vides stable cardiovascular parameters, low preoperative catecholamine plasma levels, very little need for additional inhalation supplementation, and a low incidence of postoperative respiratory depression. Because of its remarkably low cardiovascular toxicity, sufentanil citrate has been evaluated as a total intravenous anesthetic for major surgical procedures. It is primarily used for open heart surgery and major operations in patients with severe cardiovascular compromise. 6) The original synthesis of sufentanil from N-benzyl piperidone reported by Janssen and Van Daele involves 10 steps with an overall yield of 2%. 7) Subsequent modifications of the original method with minimum number of steps improved the overall yield to 15%. 8, 9) Despite poor overall yield, Janssen's method is the convenient commercial route adopted till date for the synthesis of sufentanil and related fentanyl drugs. An improved process that can enhance the overall yield and overcome the main problems associated with the commercial route is therefore desirable. This paper describes high-yielding direct reduction of amino acid intermediate 4 and mild debenzylation of 7 as key improvements in the original process leading to an overall yield of 26%. K 2 CO 3 /dimethyl sulfoxide (DMSO).
11) The method is more convenient than the sulfuric acid method, which requires more acid and subsequently difficult workup. Base hydrolysis of amide using KOH in ethylene glycol at reflux for 3 h afforded the corresponding amino acid 4. The low-soluble amino acid was isolated in high purity by filtration of the neutralized reaction mixture and washing repeatedly with water, aqueous acetone, and dichloromethane respectively. The direct reduction of the amino acid 4 to amino alcohol 5 was reported inefficient by different methods and most of the reported protocols convert 4 to corresponding ester followed by reduction to alcohol. 12) This two-step reduction process either consumes longer reaction time for esterification 13) or gives lower overall yield. 14) In contrast, amino acid 4 underwent facile reduction to the corresponding amino alcohol 5 in good yield and high purity with LiAlH 4 in refluxing THF. The reduction of carboxylic acid group was demonstrated with LiAlD 4 affording deuterium-labeled amino alcohol [ 2 H 2 ]-5. Selective methylation of alcohol 5 was low yielding (around 25% isolated yield) with unwashed 60% NaH in mineral oil. However, repeatedly washed (with pentane and THF) and dried reagent afforded the product 6 in good purity in 83% isolated yield. The amine 6 was converted to amide 7 by reacting with propionyl chloride. The pre-final process of debenzylation proved troublesome. Debenzylation of 7 was reported using Pd/C at high pressure of hydrogen and elevated temperatures either in alcohol or aqueous acid as solvents. 15, 16) Other methods of debenzylation either employ Pearlman's catalyst 12, 17 at high pressure (55-60 psi) and elevated temperature (50°C) or converting the benzyl group to carbamate followed by hydrolysis. [18] [19] [20] Attempted catalytic transfer hydrogenation as well as hydrogenation of 7 with 10% Pd/C (10 to 25 wt% loading) at 50-60 psi hydrogen atmosphere at ambient temperature did not show any product formation in different solvents. The intermediates 5 and 6 under similar conditions were sluggish and no debenzylated product was observed. The use of 20% Pd(OH) 2 /C (10 wt% loading) in the place of Pd/C indicated the formation of product. The reaction at 50 psi was however very slow and most of the starting material remained unconsumed even after 15 h of reaction. The reaction was then attempted with a mixture of 10% by weight of 10% Pd/C and 10% by weight of 20% Pd(OH) 2 /C. Surprisingly, the reaction was very fast and afforded the debenzylated product 8 in very high purity in 12 h without the need of any external heating. The higher scale reaction (6 g) displayed consistent reactivity affording the norsufentanil 8 in 92% isolated yield. Final alkylation using the mesylate of 2-(thienyl)ethanol and triethylamine in acetonitrile formed sufentanil 9 as a white solid in 80% yield. All the reactions in the process remarkably proceed with yields Ͼ80%. Similarly facile reduction of acid 4 and debenzylation of 7 in high yields improved the overall yield of sufentanil to 26%.
New Debenzylation Condition The new debenzylation condition was examined for bioactive molecules 11, 15) 12, 21) and 13 22) containing similar N-benzylpiperidine intermediates. The results obtained are shown in Table 1 . In all cases the combined Pd/C-Pd(OH) 2 catalyst was found more effective compared with individual catalysts. We supposed that formation of high activity of the palladium catalyst takes place on palladium(II) hydroxide in the process of deposition-precipitation and chemical bonding such as Pd-O-Pd may be formed in the interface of palladium particles and the Pd(OH) 2 during the process of debenzylation. We may infer that the high activity of the palladium catalyst prepared by deposition-precipitation is caused by the strong interaction between palladium particles and the Pd(OH) 2 26, 27) The inactive Ndealkylated metabolite 8 (norsufentanil) was formed as an intermediate during the synthesis. On the other hand, the bioactive O-demethylated metabolite 10 (desmethylsufentanil) was formed in 93% by reacting sufentanil with BBr 3 at Ϫ78°C (Chart 1).
Conclusion
In this study, we established facile preparation of sufentanil and its metabolites with 26% overall yield and succeeded in preparation of their deuterium-labeled products. The new debenzylation condition, the combined Pd/C-Pd(OH) 2 catalyst was found more effective compared with individual catalysts.
Experimental
THF was distilled from sodium-benzophenone under argon and CH 2 Cl 2 was distilled from CaH 2 .
1 H-NMR spectra were obtained at 400 MHz, and 13 C-NMR spectra were obtained at 100.6 MHz using a Bruker NMR spectrometer. Chemical shifts (d) are reported in ppm relative to CDCl 3 (7.26, 77.0 ppm). Infrared spectra were recorded using a JASCO FT/IR 410 spectrometer. Gas chromatography-mass spectrometry was performed using Agilent 7890/5975C MSD on DB 35MS capillary column. The following GC condition was used for all the compounds. Carrier gas, helium; pressure, 16.089 psi; injection temperature (split mode), 300°C; oven temperature 1422
Vol. 57, No. 12 a) The amines were subsequently alkylated to final drugs: 11a was benzylated back to 11; 12a was converted to diphenoxylate; 13a was converted to ketobemidone. b) Isolated yield.
program, 200°C for 1 min and ramped at 20°C/min to 250°C for 10-40 min. Preparation of 11, 12, and 13 followed the previously published procedure; the 1 H-and I3 C-NMR data were consistent with those published.
1-Benzyl-4-phenylamino-4-piperidinecarbonitrile
(2) 1-Benzyl-4-piperidone (9.0 ml, 48.6 mmol), aniline (5.0 ml, 53.5 mmol), and glacial acetic acid (10.8 ml) were weighed in a 250 ml round bottom flask. While the mixture was stirring at 0°C, an aqueous solution of KCN was prepared by dissolving KCN (3.65 g, 56.0 mmol) in water (12.5 ml). The KCN solution was placed in an addition funnel, and slowly added to the reaction mixture over 30 min. The addition funnel was replaced with a ground glass stopper, and the reaction mixture was stirred at rt for 18 h. During this time a copious precipitate formed. The reaction mixture was poured onto a mixture of ice (50 g) and concentrated aqueous NH 4 OH (50 ml). The mixture was extracted with CH 2 C1 2 (3ϫ50 ml). The combined organic extracts were washed with water (10 ml), dried over MgSO 4 , and solvent removed in vacuum. The resulting oily solid was triturated with Et 2 O (20 ml). A white crystalline solid was collected by vacuum filtration (12.50 4-Anilino-1-(2-phenylethyl)piperidine-4-carboxamide (3) Potassium carbonate (854 mg, 6.2 mmol) was added to a solution of 1-benzyl-4-phenylamino-4-piperidinecarbonitrile 2 (12.00 g, 41.2 mmol) in DMSO (72 ml) at room temperature. Hydrogen peroxide (30 wt%, 10.1 ml, 99.0 mmol) was slowly added using an addition funnel to the slurry, and the mixture was left overnight while stirring. After completion of the reaction, water (430 ml) was added and crystals were isolated by filtration. It was washed with water and vacuum-dried to produce 10.80 g (85%) of white solid. mp 191-193°C; GC, t R ϭ35. 1-Benzyl-4-phenylaminopiperidine-4-carboxylic Acid (4) Solid KOH (6.34 g, 113.3 mmol) was weighed in a 100 ml single neck flask equipped with a reflux condenser. Ethylene glycol (40 ml) was added and the contents were heated around 100°C to form a clear solution. The flask was cooled to room temperature and 4-anilino-1-(2-phenylethyl)piperidine-4-carboxamide 3 (10.00 g, 32.4 mmol) was added immediately. The clear solution formed after brief heating was refluxed (210°C) for 3 h. The flask was cooled to room temperature and poured onto ice and stirred for 10 min. Conc. HCl was added dropwise, with stirring, to pH ca. 6-7 (indicator paper). More amount of pale yellow solid formed was allowed to stand at 0°C for 1 h then vacuum filtered. The solid was slurry washed with excess water and then with 30% aqueous acetone. The resulting white solid (8.60 1-Benzyl-4-phenylamino-4-(hydroxymethyl)piperidine (5) LiAlH 4 (1.88 g, 49.4 mmol) was weighed into an oven dried two-necked flask with a condenser under argon atmosphere. The flask was cooled to 0°C with icesalt bath and THF (160 ml) was carefully added to form slurry. After 10 min, solid 1-benzyl-4-phenylaminopiperidine-4-carboxylic acid 4 (8.00 g, 24.7 mmol) was added portionwise over a period of 30 min and stirred further at the same temperature for 30 min. It was then warmed to room temperature and refluxed for a period of 16 h. After completion of the reaction, the flask was cooled to 0°C, and carefully quenched with moist THF. The reaction mixture was filtered over celite and washed with more of EtOAc (3ϫ25 ml). The organic washings were combined and concentrated under reduced pressure to afford product as a pale orange viscous liquid sufficiently pure for further reactions (6. 30 g, 82%) . For the synthesis of [ 2 H 2 ]-5, the reaction was performed as described above using LiAlD 4 1-Benzyl-4-phenylamino-4-(methoxymethyl)piperidine (6) THF (50 ml) was added at ambient temperature to NaH (60%, washed three times with hexane and vacuum dried, 1.39 g, 34.6 mmol) weighed in an oven-dried 250 ml two neck flask under argon. The flask was cooled to 0°C and 1-benzyl-4-phenylamino-4-(hydroxymethyl)-piperidine 5 (5.00 g, 16.9 mmol) in THF (25 ml) was added dropwise and the slurry was gradually warmed to 50°C and stirred for 2 h. The flask was again cooled to 0°C in an ice-bath and methyl iodide (1.10 ml, 17.7 mmol) was added slowly over a period of 15-30 min. After warming to room temperature, the contents were stirred for further 2 h during which a large amount of white precipitate was formed. After the completion of the reaction, water (50 ml) was added and extracted with CH 2 Cl 2 (3ϫ30 ml). The combined organic extracts were washed with brine, filtered, dried over Na 2 SO 4 and concentrated in vacuum to afford a crude product which was purified by column chromatography on basic alumina using EtOAc-hexane as a mobile phase to afford product as a colorless liquid (4.35 g, 83% 
1-Benzyl-4-[(N-(1-oxopropyl)-N-phenylamino]-4-(methoxymethyl)-piperidine (7)
Triethylamine (2.33 ml, 16.8 mmol) was added to a solution of 1-benzyl-4-phenylamino-4-(methoxymethyl)-piperidine 6 (4.00 g, 12.9 mmol) in CH 2 Cl 2 (28 ml) at room temperature. The flask was cooled to 0°C in an ice-bath followed by dropwise addition of propionyl chloride (1.46 ml, 16.8 mmol) over 15 min. The contents were stirred at the same temperature for 1 h and at rt for 5 h. After the completion of the reaction, water was added and extracted with CH 2 Cl 2 (2ϫ30 ml). The organic extracts were dried and concentrated to yield 1-benzyl-4-[ (N-(1-oxopropyl) 2-(Thiophen-2-yl)ethyl Methanesulfonate To a solution of 2-(thiophen-2-yl)ethanol (3.00 g, 23.7 mmol) in CH 2 Cl 2 (45 ml) in a 250 ml flask was added triethylamine (3.63 ml, 26.0 mmol) and the clear solution was stirred at room temperature for 30 min. It was then cooled to 0-5°C with ice-salt bath and methanesulfonyl chloride (1.92 ml, 24.9 mmol) was added dropwise in 10 min. The resulting white slurry was then allowed to warm to room temperature. After completion of the reaction (TLC, 1 h), NaHCO 3 solution (30 ml) was added and the organic layer was separated. The aqueous layer was extracted again with CH 2 Cl 2 (25 ml). The combined organic extracts were dried over MgSO 4 , filtered and concentrated under reduced pressure to afford 2-(thiophen-2-yl)ethyl methanesulfonate as a colorless liquid (4.53 g, 94% Norsufentanil (8) A mixture of 10% Pd/C (500 mg, 10 wt%) and 20% Pd(OH) 2 /C (500 mg, 10 wt%) were weighed in a Parr glass vessel and carefully wet with methanol. A solution of 7 (5.30 g, 14.8 mmol) in methanol (32 ml) was added and then flushed three times with hydrogen gas. The vessel was finally charged with hydrogen gas (60 psi) and shaken mechanically for 12 h. After completion of the reaction (TLC, 12 h), the reaction mixture was filtered through a pad of celite and washed with excess methanol (2ϫ30 ml). The filtrate was concentrated under reduced pressure to afford the product as a colorless liquid (3.68 g, 92%) which was immediately used for the final step. The same procedure was followed for debenzylation of 11, 12 and 13. 
Sufentanil (9)
To a solution of norsufentanil 8 (4.28 g, 15.5 mmol) in acetonitrile (45 ml) in a 100 ml two-neck flask with a condenser were added K 2 CO 3 (214 mg, 1.6 mmol), 2-(thiophen-2-yl)ethyl methanesulfonate (3.51 g, 17.1 mmol) and KI (77 mg, 0.47 mmol). Et 3 N (4.32 ml, 31.0 mmol) was added to the slurry at room temperature and the contents were heated under reflux overnight. After completion of the reaction, the flask was cooled and the solvent was pumped off under reduced pressure. Water was added and the mixture was extracted with EtOAc (3ϫ20 ml). The combined organic extracts were dried over MgSO 4 , filtered and concentrated under reduced pressure to afford crude product as a colorless liquid. Purification by a short path column chromatography on alumina using EtOAc-hexane as a mobile phase afforded pure product 9 which crystallized on cooling in an ice-bath to colorless solid (4.80 g, 80% Desmethylsufentanil (10) Sufentanil 9 (100 mg, 0.26 mmol) was dissolved in dry CH 2 Cl 2 (2 ml) in a two-neck flask under argon atmosphere. The reaction mixture was cooled to Ϫ78°C and BBr 3 (0.26 ml, 1.0 M solution) was added dropwise for a period of 15 min. The contents were further stirred at the same temperature for 15 min and warmed to room temperature and stirred 3 h. After the completion of the reaction, water was added followed by 2 N NaOH solution and extracted with CH 2 Cl 2 (2ϫ5 ml). The combined organic extracts were dried and concentrated to afford pure product 10 as colorless solid (90 mg, 93% 
